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Satellite Servicing Capabilities Office (SSCO) 

•! SSCO at NASA’s Goddard Space Flight Center exists to: 
–! Advance the state of robotic servicing technology 

to enable the routine servicing of satellites 
–! Position the U.S. to be the global leader in in- 

space repair, maintenance and satellite disposal 
–! Help to enable a future U.S. industry for the  

servicing of satellites 
•! SSCO has conducted numerous mission  

studies on manned and robotic servicing  
concepts (study report at ssco.gsfc.nasa.gov) 

•! Currently concentrating on a GEO Servicing  
concept  

–! RFI Development of an On-Orbit Robotic  
Servicing Capability for Spacecraft 

–! Technology development efforts in full swing 
–! Notional mission requirements and concept of  

operations nearly complete 
–! Assumes initial servicing of a US Gov’t vehicle 
–! Expendables allow for servicing of several more vehicles 
–! Using a straw-man (custom) bus design to mature  

system requirements and evaluate feasibility  
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SSCO Servicing Tasks: “The 5 Rs” 
•! Remote Survey 

–! Diagnose problems 
–! Visual inspection of client vehicle 
–! Visual close range inspection while  

mated, or from a corridor approach 
•! Relocation 

–! Maneuver client vehicle for relocation,  
disposal, station-keeping, etc 

•! Refueling 
–! Hydrazene, MMH, NTO 
–! Re-pressurization (He) of client prop  

system 
•! Repair 

–! Fix stuck or malfunctioning deployable 
–! Clear sunshade/blanket obstruction of 

 instrument or communications paths 
•! Replace ORU 

–! Isogrid and available power on Servicer 
to receive future ORUs 

–! ORUs delivered by a re-supply vehicle  
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Servicing Vehicle Conceptual Layouts 
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Comparison with Previous Efforts 
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Servicing Payload 
•! Payload Deck 

–! Robot arms, RPO sensors, 
tools, sit. awareness and 
remote survey cameras 

–! Client berthing mechanism 
•! Tool Stowage 

–! Includes tool launch locks 
–! Prototype built and tested 

•! Payload Avionics 
–! SpaceCube 2.0 
–! Video storage and comp. unit 
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Tool Stowage Mechanism Testing 

SpaceCube 2.0 ETU (ISE-2.0) on 
STP-H4 (launch to ISS 2013) 

Servicing Payload Notional Layouts 
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Marman Gripper Testing on Gravity Offset Table  

Robot Subsystem 
•! Servicing payload has options 

for 2 or 3 7DOF robotic arms 
•! SSCO Robotics Testbeds 

–! Full 6-DOF contact dynamics 
–! Motion platforms for tool and  

sensor test 
–! Robot FSW Development 
–! Migration of robot software to  

SpaceCube 2.0 emulator  
underway 

–! Key autonomous non-coop 
capture tests in 3DOF  
(complete) and 6DOF  
(underway) 

•! Capture tests w/ Marman Ring  
Gripper Tool 

–! 400+ capture tests on  
FREND EDU w/ 3-DOF  
air table at NRL 
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Marman Gripper Testing on Gravity Offset Table  
 Ring   Ring  
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Advanced Tool Drive and Tools 
•! Robotic Refueling Mission (RRM) 

–! Ops underway on ISS (ELC-4) 
–! Refueling tools including blanket 

manipulation, wire cutter, cap  
removal, nozzle tool with quick 
disconnect, etc 

•! Advanced Tool Drive System 
–! 3 prototypes built/tested 
–! Includes linear drive, 2x rotary 

drives, tool coupler, camera  
pointing system 

•! Marman Band Gripper 
–! Prototype built and tested with  

FREND arm 
–! Currently testing at GSFC w/  

ATDS, 6DOF contact dynamics,  
multiple Marman rings, lab robot  
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Propellant Transfer System 
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•! Hose Management 
–! Reel/Box Prototypes  

built (KSC) 
–! Testing underway  

with prototype Nozzle  
Tool configurations 

•! Component Testing 
–! WSTF Materials  

compatibility tests 
–! PTS Testbed at KSC 
–! Testing pumps, flow  

meters, bellows  
accumulator, etc  

–! Testing with NTO  
ref. fluid complete 

•! Oxidizer is a key challenge…  
design philosophy is to avoid 
dynamic seals 
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AR&D Ground Testbed (Argon) 
•! Visible (2) and IR  

cams, flash LIDAR 
•! Non-coop. pose –  

GNFIR and Flashpose 
•! Relnav filter, G&C in  

SpaceCube 1.0 EDU 
•! Tested at GSFC, NRL  

Prox Ops Testbed 
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Argon at NRL Proximity Ops 
Testbed 

IR Cam 
W"

Vis Cam/GNFIR VNS 

Argon at Test Campaign 
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New Servicing Technologies Status 

•! Significant progress in 
FY11-12, most critical 
technologies to at least 
TRL 5 

•! FY12-13 funding brings 
critical technologies to 
TRL 6 
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SSCO Linkage to NASA’s Technology Areas  

XX"
Approved for public release, distribution unlimited 



Some Key Technical Challenges 

•! Non-cooperative servicing – rendezvous, prox ops, capture, refueling 
•! Control of mated Servicer- 

Client stack, and robot  
tele-operation in presence  
of flexible modes 

•! Materials compatibility in  
pumps, flow meters, hose,  
and nozzle tool 

•! High performance  
computing to host robot  
and AR&D algorithms 

•! Mass optimization to  
maximize fuel available  
for servicing 

•! Absence of hi-fidelity  
ground simulators of potential clients 
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Conclusions 

•! SSCO is more than half way through a thorough ground 
and space technology development and test campaign 

•! Key requirements and ConOps of a notional GEO 
servicing mission defined 

•! Technical challenges  
are well understood 

•! The time for robotic  
servicing has arrived –  
let’s fly a mission! 
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